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el & g 32 2

~JV= > (Geoffrey Hellman) 1% 2003 FEDF{E “Does category theory
provide a framework for mathematical structuralism?” (Hellman, 2003) 28
W, ¥ v 7L — (Saunders Mac Lane) 12 & % $05  BEREIERER 1) (Mac
Lane & Moerdijk, 1992) &7 77 4 (Steve Awodey) D% F\V> 5 M
F# (Awodey, 1996) Zio TR DUz, MR ED L S ICE>Tedld, 7
V7 4 DR EHVCLIETFEOEE L RS L THIETE 5, E612T7 Y
7 4 OREFRICREN L TR, OBEE (Awodey, 2004) 123 L TV =
YIIBFNEEOME L HO DGO —BHEOB A, oM EE L Tn s
(Hellman, 2009) , Hi#& DO WIZKROFROE S0 0 EBICHETH Y, &
FHOFEMTTEY) 2 MERETH 2 b S,

1 ELHIC

~IL= >~ (Geoffrey Hellman) @ 2003 FEDZFE/E “Does category theory provide a framework
for mathematical structuralism?” (Hellman, 2003) [1XF&E & BEFIC B 2 5EFEOBDL Y O
IR 5.2, =& LT Philosophia Mathematica 35 F T w8 S I LT & Tz, ~ILT
S OFEIET VT 4 (Steve Awodey) DXRD & 5 75 B~ v 71— (Saunders Mac Lane)
Wk, HEBFEOERTTIURFEL Tws LFIRL, 25Xy 7 v —rOERFIBLT
ZHGELWRBEZHAL 72T, BEimoMEOE REmEEMT 2 0TH S, MELR 2
TUT 4 DRBIIRD LD TH S,

BEROMEC L > TELDHIT 5N D, BFIC DOV TOMERIHAIE, THBET 0T E X
AEDOEARTH-> T, WBEHEF» SR BFEORROFHTEE V) Lwnd Au—4

WEHTE 220 L, (T FDZ 2 TORWITEFEIRE FHORMMEZET 5 2
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ETRL, ThIE7 v —7LEROGREREFIRE I & > TR SN2 b O OHEFIE
B TEHOTCERENIRETHD, ERBT LI Lo, ZTOBEEN TIIHFOHE
FERTRERICL, HFEOIGHZS—RCL, "HE OBRICE I BT LI BN
WWEEZ52250DTHS (Awodey, 1996, pp. 235-236),

BEFHRICE DS BEONRIIMENET P OHED DD TR, WS EPXEETHS, 2
N TANVT VIERD XD ICNHIGT %,

CHIFERE W RB TH B, Thid, BERIIESROREY & U TR O BRI 2 52
T2, Y7V —VOEERLZFROXIRTHACFEZI NS, TOZLDHE
BSOS LRI T TH L, BEmPBEENTZ L, &L 25BNICIEAROEENTREMS
haERZshhERonwe Lo, 727774 ORBRAEL L, EEmERHR
CEHMER T, DF D o TERENET, OEG0 5 2) TREBENRERE, wowT
DHFLEERERZ AT 2 L WIHAH T, FHEhZLVwhb Lhkwy, Licho
T, v I7Vv—>0D7—¥%E () BT eI, BT VT 1 ORE 25T
% 2% A3 (Hellman, 2003, pp. 129-130),

AR YO T T 4 ORBERKETE TR, vy 2V —2ET T 4 DRFEDD
BN ZHSRLDE LI LT, vy 7 v —YOEBTIICRERD Y, ThOWZT VT 4
DRBOFROYT %5 Z 2R, HOWMYIEHZ 2BEHOTRMMEIERT LI LI
bb, KawXliZxv 7 v— 797 4 DRMBOORBYNPELNL DD TR, EEXFIT
RELPEVS ZERMERT DD TH S, TOXAET7 VT A HEBEORIL TERET 25
(Awodey, 2004), AREHX Tl EIWBIH L7 77 4 @ 1996 FEDFSIC BT 5 T HEEICDOWTOD
WSERSL B2 DB ED XS b D, LTV Y BAEESTOnEHS MLk
Bo, ZTOT T4 DERICEL, SHIT VT 4 OBEFZRICRHHNZ "’ vl
i, AT v Y ORERMERD B, ORI 2 REERZ 5,

2 2Ty L—rICLB3BBEOREEMNT 0 FRIIBER

7T 4 DFFICHNBENC, vy 7V —VIC X BBFOERM IR ED LI Rb D, A
M CHHFICRTEB L, v 7 V= I X 2EEGMIKE L R B OB T IIBEmOEHET
Lzonz0DT, HEANEZHMETH2BOERDHLEFDO—D2%FL, KTy 7L — itk
B SBTh S F1%) P RADOHEAEEET,
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2.1 B

BEIIXER (object) DEFE D &1, WRHLSHRADE (arrow) OEF D ZIHEL, & 5128
[FLDER (composition) L WIHHEREETL I L THEONS, @E, WRIZ A B C .0
XFET, W3 f g h, . OXFTET, TR ADLORNRBADLDTHEI LR 4
> B¥lB A BERT, f1A>BOLE, AL BEZTRETNS OF 44 >~ (domain),
AFAA > (codomain) LIEER, EAHEE 1%, HOM

f g
A———B

C
[ SEONE:T)

gof
A—"——C

ZEID LTS, LUF, WREH, GERMEI NEABEEET 2, £7, FOEHIHBENTDH
LZEenROONDG, Tiabb, HOM

S g h
A B C D

NEz 5Ntz &, ho(gef)=(hog)ef DR T2 HIE7% B 7\, KIT, BIER 41200 THEFI
TN idat A—> ADPFEELT, IRABEROBENICTHSE Z e ROONS, Thbb,

id, f

——A—8
% 61F feida=f THVY,

g ldA

C A

A

ol idacg=g TRITNIZR SV, ida 1T 4 LDOIEES (identity) EIFEIEIL S, DAL 2 508
BOANETH> T, BTN OB ERTEEDDDTH S,

LEED & 5, BOAHEE RN, LEOED b DI X 2N EHEFT 2ERE, vv 7 Lr—
> OB ORSHA TIRE T2 { # 9 B (metacategory) ZE® %, WICX % &, BIZEOAH %
EEROBEANTHERLAEOLOEERT 2 (Mac Lane, 1998, p. 10), il 2 IFEEOES
ENRET2BEZEZ LS LT L, FESEROEL Y BES TRV 02, WREKOEED

U KX TCIE TEED  E WIS RBRILEAER THY S, TOFETIHESNS DX ZFC OX&E»H L
nzwnwl, VNBG OERTOHESPE Y 7 A (proper class) 72d Lt wL, HEPIEE, (O
IO nE RO L OB LR,

: MEAMRDETZ D V RELSL T2 L ST R 7 AR EAHT,ZF TiE V OFSES R={x|x¢
X} OEEDFHRIRE L 5D, v 2L DRT K7 AHEnri s, VNBG Tk R EGTHS Z LN
FERATIRE L 2 D, Z I SEERD/NT K7 20358 pi b,
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BEGLRIRT 22 ENTERL LD, LW TEBEOEEENRET L XAIBEIIFZ 5N
20, TOXIBEIFFEZONLTNI LTk 5,

BEEASEOE LR LR TH 2, vy 27V —rEE, XYEOERIC "TBOE
#FH)EWOIRBTENRTSZEHRHY (Mac Lane, 1998, p. 24), T 2 H3 X & BB & [ & FE
S DAV D EfRET 52 L HTE % (Mac Lane, 1998, #i3R p. 31 #14), L7z ->TK
XTI, FHCAENORY, "X 5B, L THE B TICHWS ZLicd 2,

2.2 WFFRIXDBEAIE

W& RADOANBERAZBEOFEABEICWL DhOANE 2 U2 TEsN S, Sz,
FIE N RRAFAENMEET 2 0L OrOWE R TEE L TERS NS, ¥1% b RAMHE
D %D SRS ABR DR O I3 c R 2, LTIl 2 E R bid McLarty (1995)
WE2HDERLBSHFICLT»D,

29, FED2OOMRIIH L TZNo OBENTFET 2 LWk oD, X DEECI,
W OB DEBEDNR A & BT L TR AXB LSO

MEELT, TEONRT LEEDf T > A, FEDg: T—> BIZXLT, pou=f »D
gou=g ®Wilzd u: T > AXB B 1P—2FE LR T HIE 57203,

r
A T
v
X
ApABqB

Rz, MR (terminal object) &ML B REHI A ROBFFEET 5 Z LR D 5N D, KR
FEFOBEOHRTH> T, FHRP O ZOHRNE—DORVEFEET 2D TH S, &5t
RIFFdE 1 TRILI N B,

RIZ, VAT 2 ROFHF L TZ o DFA (equalizer) WFEFET 5 Z RO SN D, T
bH, FHoxt

S
g
WU TRRE Lhfe: E—> ADBEFELT, UTFOIZODEMAEDRKD Tz 01E 7% 5 7300,

A B

3 ZOEEDEXFIE, AL BOBEBHI»D—BIXELLEIDLD LI ICHE DTV S ETHETE W,
EBICEFEOAE il THRHOMEP—EBICE L 2 LIZES Vv, BT 554 2RI L
THEAETH 2, ZORMELERET 2 /512 DWW TUE McLarty (1995, pp. 68-69) % £,
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[ ] foe:goe
O [THEONRT LEFEDOR AT > AN foh=goh il T7% 513, ecu=h %l ¥
Wu:T— ENE—D2FET 5

f
E—% -4 B
' g
“ g
T

RIEZED 2 DO RIZF LT, N6 S X EFE (exponential) FEET 5 T EBKRD
5N5, TNIFLZEOBDEED 2 DOMRBHEERED Z L 2HIET 5, 2D LT, HFOHE
DIEBEONR A £ BIIH L TR B4 B L OFHME (evaluation) & FEIXH 3 &t

€4,B
BAXA—B

DEELT, FEONE T EEEDOH f 1 TXA— BITHLT em(uXidd)=f %l 5
u: T — BAWIRE—2FELETNIE RS %0,

B4 Bix g2 .p
A
ul uXidAT 7

T T A

ZZTCTH uXidai, u: T—>BABXWNida: A—> AWTHZT, BAL ADFE

B » Bix 4 g A

BLOT L 4A0DF

T<~——TX4A———A4
P q
ZPHVWTTHIC > TEZEENTW S,
TxA4 .
W MXNA
v
M pAX 4—
B > Bix A 7 A

BT, R, Sk, REFEEFHOL X, ZTORIZTAI FFEICE L T L T 3 (cartesian
closed) 89,

Bf:A>BPEZyZ (monic) Thb L, FEONRT LEEOH A T>ABLD
kiT > AL T, foh=fok kol h=k THBIELERED,

R 1 2FOBEICBWT, BYMRPFETF (subobject classifier) & X LFDOE DR Q &
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Htue:l1>QTH-T, FROHRX 2aA P XA VT ERDE=v 74 i A> X I
WHLUTUTD2 D0&MEZmMIEITH x. - X > QD E—20FET2bD%F I,
® yooi—trueo!ly
® [TEOMNRT LIEDOH x I T - X LT, gox=trueelr KO, icu=x &7 %
Hu:T—>ADR—DFHET %,

Ir

(o

T d—2 1
\zt Ltrue
X
X——Q

ZZTHI I EENTH, MARIDOERICESTHRAE T 2N AL ELTRIE—D
FAET 25 TH %,

THNMRCELTHU TO 2B RS EF 2RO L &, ZOBIE W1%F) PR
((elementary) topos) &FEIEiLS4,

vV 7 V=V IEBOFET N RA AR EOEREMFICE AL TEY, Mac Lane &
Moerdijk (1992) WCHERHFEL WE MDD 5, P RAZHWZEFORERMN T, ABPES
I & DBEEOEBRMF T OB EMEMN T oD, DF D ZhE, BFEEERTLIAHREL
TAHMEGHROAMHR TR L, WYR N RAOAHREZHRAT 2 2 L 2EKT 2, #6135
22 AHPEA T 2 7 D ICRERLELRB S 2 EHONHERA L LT, M2 M EATEL, S5 12HE
SOBERTOREINAEAE D 75, well-pointed” L FFIEH 2 HE 25 b, S 51 HAKOTSR &
WO RER R EFED R ABRAT 2, #5132 NOSHEDOBHERN 2 AHNESH TH 2
ZFC XD 5 WABER & equiconsistent TH S Z L Zm L TW5, ZOMAICKTHIIZILE A
57wy (Mac Lane & Moerdijk, 1992, pp. 332-343), LUFTIE, L3 2OMWEIZOWT bk
NTEL, BRECIROEZRIFZICE L, FICERAE & well-pointed PEIZ DWW TEE T,

BRI B 2 BRAHEZ RN DI Ey 7 REOEHR 2G5 2 %, TEY 7HOERITE
=y 7 HOERENHN L THRONS, DEVE 14> BBIEY S (epic) Th2 LI,
FEONRKRT CEFEOH h:B>TBIVP kB> TICHNLT, hof=kof 551X h=k T
HbHZERED, BB 518 IRAIE (the axiom of choice) HTEDOIE Y 78 14—
BIZX L THAEXDE g B> ANFELT feg=ids £85I L 2FRT 2, EE&LBEHOD
BIzBWTZIOERIZVL DDORRENAD D 2:BNAH EFEIC R 2, LrLEOATE
Z 6N 2D, EEOEO A S TE—RICHEA SN 5,

¢ TR (elementary) DFEIX, Z OHITIHRRT & J2EEHEB—HED
(Mac Lane, 1998, p.24),

(]

ETHRRENE Z LICHKT S
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well-pointed 13, SEEFHMINCE 2 IXBEBBZOEIC L > TRBIENS Z L 2EKRT 5, T4
bbb B OEEOR f1A>B g  A>BIZOWT, f+gholda:l—> ABFEELT
fea+gea Dk &, HUFDMEIX well-pointed TH 2 EF D,

CNETRTEL LS, Bimo—8 e LT M RAERINRMEICH 2HOIEL T 2L
HTEDLZDTH-> T, AHMIERH ZFC DX ICH S ELGHOEHBRESDIEL BV 2E
DBEDTIER, FRIEFECHESZBIOME?» > R2 2 L1227k h 5, ZFC OMERARE (the
axiom of infinity) 1, & N BEFEHEL T, BEENZOEZTHY, T LT x B N OEHEL
S xU{x} bE7e N OBERTH S EFRT 5, EEETIT b s P RAICBWT NI
Y A BABXIE (natural number object) EFEIEN S, ZHIIHRN E50:1— N,
SIN->NDPHRD, FEONR X EEEOH x 1> X BIUOf X > X CHLTLUTD
25 R TH I N> X BB —2FET 525D TH S,

® /io()=x
® hos=foh
19 NSy
h h
N S
S

HARBOSRDEAET 5 2 £ 1%, £E LBABOBIcB T, B r 2 BRE x LB f » o)
WHNCEE TS B I L2 EEL T3, bbb B0 2 &1

o (0)=x

o nZHARHKELT, Mn+1)=f(h(n))
WHYST %, ZhiF ZFC & M RAEGR TR USRI L T7 Fa—F 0385 2 iFFo—> T
b5 ERAHIIANES N OBERTHZ0EED, ZThiaxt L THARBSRIE HARBH
(T7bb P RAZBT ZHREDH) E VI RETED LS b2 0EED, Thedo
TN ZEA 0 T0 2, HROFEMZBERICL > THEEL, HEE L THREEHROES L L
TEZLZ2DEFAETLDLDTRL, DL b 2R EHRICE > THECHRL, XF
ROFEMEFERCIZEb s BV E WS BEX, RENCRE7 V7 « ORFHIEEFROME L
—HTHHDTH 5,

3 TUTADEFNEBEER

ARHITIE Awodey (1996) % FUlMZ, BEAREE B L OEEERICH T 2HDOF 2 2R T,
WOHEIZUATDO LS ICEEINT WS,
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BUERRORSE L WO TR ER G % 2 51E, 3122 OFFEOEBEONIC, THREFAIRESE T
B LB Lo TRHASNIZFEHRCISERRZAT L ZECk>TRBENS, FAD
CZTOHWEZDZI L R®THT LI EThHDL, TTF Y IR —F—5ERTTA V>
WN=Z ey 7V —VICE S % T BRSNS 1E S OBCEENFENROFHEIC X > T
ThL, BHREENLDBEEOERC L > THRESN D Z LFIF> X VBT WS (pp.
209-210, FEFFO) .

77T 4 3 ECFEAIRSE 338 (mathematical structuralism) & #7094 3% (philosophical struc-
turalism) % X519 %, 22T "EFEBETR ) BBEFOEFXLINOEFE OS2 i
FEEERLTWLD TR, BEEOEEE L TG BT 2 BN H 2 VLI AL
WK 24D b DTH L, THFHEETEROMAE TH Ly v Eu3BEEEDO AT -4
> S B TRERREEORIETS ) LRSS (Y B, 2012,p.341), LLT VT4
D% 2 ZHFHIMEFERIHICBF LMEORFE L R 3H 2 Tidn <, BFEUMECET 5
W xR 2T 258ROF52FERTL2HDTH D, i, HFEMBETROMIEIHE
HoND—HT, EIHFEZLZERTORFIETROERD S, ThbbBEmzMHV257
LRI N T WD LHERT 5,

BerrpE %, WESEF, HO XS aRzM i Ea e Rad ol Ii{svsanl 2
ETH B P Z IFFHIEAN L “HERA 2B 2 28685 Th > T, T O IHEAN BT FED,
SHIERDOTTNZ OB T 2 T2/ O DTH S, T8bb G 2HEE, e & G DER
ELT, G EOTIHMEE - WROFELAE R T &, GBI THE, L3Nb,

o VxVyVz((x-y)z=x-(y-z))
o Vx(eex=x=x-e)
® Vx(x-x1'=e=x1x)

—BlE LT, BESEROERZNMECEL T2 L, HATTIE 0, #T 3B kL i L-k T
Hbo FFELD LS RHOEROMLTTE, L VHECIE, HROSHELEYD, T IWXBhdils
DIRZFOEABTHEL T2 O LHERTE 2, T2 LEROIMBERO X 5 2 BRK 28
W, ZOSEEESHOBMHNTHER LI DOTHD, LDELAEERETL2ETNVTHS L
FZOND, TUT 4 B3HEECET2Z20 L5 % T 7 ViRl % 25, (model-thoretic concep-

> Rechard Dedekind (1831-1916), Emmy Noether (1882-1935), Samuel Eilenberg (1913-1998), Saunders
Mac Lane (1909-2005).

5 Adamek (1983) OMFHETIX, HEH X WL T2 O L0 TIHEECHESR & L TRE o« NER
S, BRI ERAHZERE (X, o) EHEPNTERLBEON 825, KX TIEZD LD 7%
FFBEIE ARV,
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tion) %, "SHOBFHIIROFZ X T ETAED 5, "BFRURBFEF OV b Dh Dk
%, BEERIRSRIZ O W T O IEREFED, TOMEDARIKEFET 2 E2HoMIZ L, &
s % (p211)s L LZDO—H THAOHEFMEONRII L2, A FEF T—REIED SN
2 BEEHIRRRR7, FARIL 7o 2 RO ROBEZ 2 BAR, MR EORZ RfEEOME DR
RThoEl, ZTDLSRHRICHS T 2E5HOEEME BN, GHRO—BHGHTD 2 EimoD
HEEZBFEOBEFIGZ 5D ELTWS (p212),

B £ 2 BHEISEER O HELC OV TT 7 T4 BFIRLTW2 DD S b, I ZTIIAL
ST 2 b D2 RTBL, brEEVEZoN L E, ZOEEG LA EED 2 FEE
S (BIES, %S, BEERZERE) bl epdflonTnd, ThoDFRIHLE
WCHRETH 5, HlZIFHEASROAMIZ X > T2 ED IS, BHESICI->TEESL
ZEAEEE, M2 2PHEA RO A 2 3, MICPHEAROAHIZ k> THfH%
ED TG, BESIC X > CERS W ABER X, (A% T 2ESROAME 25727,
TUT 4 DRFHIBEFERICL S &,

—fz (FRRg) i & 2 OFEETHERLZ HWRIE OFHEOME 2 R EFOBE» SREL &
L&d. 28, ZOMEDTR OFEN SHETIZ, % OB Z OREFEOREE & R f 1
5 (p213) o

FAEGRPHEGREIZNTNOE A THMEZEM 2 ED, % I o@EG5HROMarnERI N
2, THE, ZTOXDITESRSNIAFHZER & EFESROBIAAE 2 R T 2 w5 0
Thd, 2T "NWHEEEREMT 2, Lk THSOZMONAEL, 2 2 S MhOFEZER A~
DERE, MOFEZEM»SZ IANDERIZEL>TEDONL  EWVWIEKRTH S (p.213), #lz
ERAAEZE R D S 1o R — DR EBRDTFAET 5 £ O w2 EF 2 5, —mES i, BEEGR
NEELELZOEEEHEDATH S L5 i, T72bbEEMM (indiscrete topology) % A
NlzbDix, 20X 52K 5, ZO%EME 1 EWHES, TIEMICZ D & 5 223 g
HIMMARC DD E LT ENERZ LT EE, o1, ZLTI 01U N, ZTNTh
1R — DT OMGERNFET S Wl b, Thoxk f 11 —>1, gil->1 L&D, T5%
EfDBEHRTHL I RRT IEDNTE S, EE, 1P —HEEXOTf /> 11FHs»

T BHAMEEROMIED 2 OOBEMEENHEIM TS L E, TOME R ORENBE IR E T
—3% (unique up to isomorphism) TH 2 &F 5, FEBMEOMRITE Z L e 20, BEimldE—
B DFEFRICT L CRIBEOMEDEREG 25 2N TE DL, Thbb, BOXR A £ BITxfL
T, AL BHABTHIDE, Hf A—>B L g:B— ABFELT, gof =ida v fog=ids 28
KOO EETH D,
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WCEHTH 2, EHREICHBATERBES gof 11— 1121 FOEZERES I, ¢ —HT 305,
X, yEV WKL T f(x)=fO)&IRET 3 &,

x=id,(x)=gof(x)=g(f(x)=g(f(¥)=gof(y)=id,(y)=y

WEDe EoTfIBHERNTHD S, 2HLT L1 -1 IERTEHHNTHEL, T LT g S
DHEBERTHHZERRTIENTELNS, 17 L 11X[EHH (homeomorphic) TH % Z & #3453
b, D%, BAHERD S T2 12— DHER EGRSERET 5 & 5 222X, [FIMHZ 22z [F—
L, —DO Loy, HIFEREHROBS D S b S iz St n3 22N A 2 A0k % H1%
T2HITHb, ZD&D PIOEAERIE, FHEGRCPHESRR, H2VIEZEOMDMS 1D
BERC & o THEBIBHROER 252 2 2 L& 2 TEE, BHEEHRE AL #ERIC & > TEx
BREREEL LN TEDIERRT, £ IATHHZEMEET VE LTERL25E, %
BRI K 2 MHHOFR L RS R X 20 HOFRIE, 72 ZED SNBAMEAN BT 5 L L
Th, B2bDL%5, T L CEEEEHRIC X 2 HOWRE X, TTL OLHOER D
T LRV, COZERT VT 4 1F THESUARZE, (syntax invariant) L EWRL, BRI &
% REIEELRO—D O EALENT T % (p.214) o D F D, HHC & 2 GO G0 1T HER O EEARR 2
SOOI L & FICHBEN LFER L RIC T 2R L LTOEREF O LFEz 6N T
W3,

TOT 4 BEBRICE > TREBERTIRT 2 2 LR E L D —DBITTw5, ThiE, b
WD LMWHEZR/HO I LR EBROBEL TP ORT L, TOMELRMLHED -2 0ME
RO, LI ZETHS (p2ld), R AHE I EGRIICR R MR S 203, Dl
EHREEROBE S 1E, 2O XD LR OEWIIEERTH 2, BROBLD SHEEAD
JRIBDR SN B HE L, MBS OESITKFET 2HE Tl <, R 2SR
DEILMETH S, TOBKRTEROBLABHMEEED Y "o —F 2HARCEZTWS L%
3FEZ2 T3,

7T 4 BRI X 2 BFHREETROIGAAI L LT, MR L 2EEROBIERIR Y
Vv, BXUGWEOMENED RO OREMA T COWTEH LU TWw 5, & 2 THATEER ) (struc-
tural) EWIHFEEHVLDIE, IhE TOFERLRRT 2 X512, MrrfEEHOEHRICE >
TR 6N TR E X ThH b, EFIC "MEEEE,) (internal language) % #HUNIZED 5 C
ECHIRADRZOEELOEREBETIEREOTTNVICR B LY, brMOESHZERT
EBLOhBIE, TNOIAET 2EERICONTIE, 777 4 HEOFERPVE F KX
T 2RI E 2SI N0, ZZTHEILZTNIE RS RWDIE, EGmCimEr&E D
TR R B OB ORGSR, DF VEOFROBS L SOWMOES 2 TEL I LIINT 2

8 McLarty (1995), Mac Lane & Moerdijk (1992) 7« &,
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7T A OFHETH Do BERD & 51285,

BEROFIEICE > TE LD IT 5N D, BT O W TOMEEIHRAZ, TS0 T EIX
PEDIATH > T, SEAET»S5H 2 BFONROFETII RV, W) Au—4 >
WEHITE 2, (HI)FAD Z ZTOHWBTFHEETRORMEZET 5 Z £ T, %
N7 v—7LROGRHENETREC L > TEBHAS NS b LU OHEMEESL TR Av
TERENDIRETDHD, EmRBT LI ERRo72, ZTOBEEN CIIHFOEEZH495EE
Bz l, BFOICHEZFS—RRCL, THE OBMRCEISBF LI BERCEERELG 2
250D TH2 (Awodey, 1996, pp. 235-236)

77T 4 DE I HENR A, TabbBOSH X AEOEMMN T L wIBSIC ko T, #E
D TRESOARE ) RO o s Z L BBRIc R, 2, BED LD RMENETICE 5T
BRI ICHE SN IEE R, ZOREOHACLE b TICRZ 2 L5102 2 £ 2EK
T2, LERS>TT VT 4 OFFEMIREEERIIES O L O iR T & 2 BT U 2 &R
T2HDTIEREV, "NV FIDIENDST VT 4 DEEIETIC & & 2B O R
REATEEESTHEZ, v 7V —rOMRAHRIC L 2BEOREBAHITOEZ LT VT 4
EREVODOU I, FLTIORMBIBBRICT VT4 ICE>TEEEND I L IR D, TRIIHIZH
OTRLZZEZLED,

4 ERMIOEE CRANEKFE

7T 4RIV ORBRIREERL 0D, BEE AW BEOKAM (schematic) I
ZHFH L TWw3 (Awodey, 2004), I~V DFZ 22U TO LI ICHEEL T3,

[(ROREOE LI, ] ORI OB IITFE L) bOTE %L, B
LT TEB T, OHBELEREERT 22 Thb, v v 7L — L TIE, TEEH
WEBET ) ICDWTEES 2 &3 A, ERED XOBELE >, BmEfTo> N, B
BB OONERENELE—o0 THO MRR, KTEELESS, L2 ANE0
v, PRABG (B X MhOBE) OFICEETREBIRT 2 2 ENERL TWw5DIE, b
KAD LS EZHCT, EARTHELITI ZL CBAEALY L OBFERITAS &
ST D, LW I ETHD(FHHFAKSD, 2D &5 LFEFIE, MKRAFEEHIHL < EEH
ke, EAWmErBEESHZ L L rENEIN: TEBNUOKR, THEILERT IR
%573 (p.55),
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7T 4 BRI & 2 RN U OEABEREIER T 5 L ERRT 5, BificRIcEBY, %
X3 BN ThHN, DELERSHOB S, S EUNCRHEMA T o272 513, BIwOF
EBEOEHOWTHERZEMTE 2, L CTEMEERMFTOEACEb2 bOTHL, %
DBIHELNEBDEZEZSNTWVWS, WZICEROSEENTEONS P RER Y, HFEOHE
BN TESRPESIZ 2D TR, Thefio TH¥ERITI bO LMERMT S
b, 25 UTERMIZ LICFTINHE 2T ZDOFMYXHNT—H L TRIRKHI (schematic)
EEVET,
7T 4 BB OSH—IC R TR, I TREEERICEbAMER TS

Elcv, ErGzonlt &, TORTHOBEEZR OWNRIZOWVWTGHE SN D ZEMDH 5,
R EREROBIcBWT, BOTOR L IZYUFZOBONR G TH->T, FHIIHPET S
m:GXG—>G, e:1>G, i:G—>GNBLUTD3IOOEMEHLTLDTH 5,

® me(mXidg)ea=mo(ideX m)

® mo(idgXe)=p »D mo(exXids)=¢q

® mo(idgXi)odg=e°!q

4 X ldG

X (GXG)2~(Gx6) xGE28Gx G 1xG Gx1
idgxml Lm Lm

m q p

GXG G G
id X

G99 GxgleXe oy g

I \m

1 € G

ZZTa:GX(GXG)>(GXGO)XGIRZD R AL > Ea R X4 OB ERTEH &L TH
DEBPSFONLZBDTHY, p:GX1> GBIV g IXG>GRRZTAZTNF GX]L &
IXGIMHET 25 THY, 061 G—>GXGlEide: G~ G EFEDERNSBONLHTH
50 ZD3IDDFMERFHEOABIHL T 2, DFVEOFORELIL, BlcBIF26RTH-> T,
TR T 2528, HOBE» SFEPNIHOAMEHITHDTH S, Th LRFOFIE
T, EnGzonic &, ZONETH> CEOBEEZRI Db DEFEZ LD b, ZDL
EHIE OB % E BB (ambient category), %H DB % AEBE (internal category) L IFER, D%
DI L, BB 2 0RTH> T, TN 250, HOBL» SELNIZEOL
MAEWTbDTHS (FEMIE Mac Lane (1998) pp.267-269 &), 7V 7 4 X7 AV bR
WBIL CEHU - E O, # G 2ROB C b 2R EH 2 %,

ZOB EBEIPORIEDOD», HrBENE, 74V MEICBEL CEAU BT 52—
DOFEABIZ L - TEERL, DWTE S, WA TENELER > TWIEEEE,
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WG ER DLW HWERR OB C W2 OB EOFich s EBET 5, ZIFHL B H
FLIEZADFEICE C D0, ZOMOIBEREKS 2V, 2ZTEGHCHED
X o X VIEEI NI (specific) bDTIER V. 25 EFSHLIINAMEETH-> T, MR
EHOFEREB LTS ICHET LI L > THRERWLIRES NS, Z DM
BRZWCEZ DRI BOTHY IO L STES NI D, KOO ENRuHEND 5,
ZOWRPEWI Db EHAW» S Litg v, )LD C o ThebEFEoTW
2t BIZEZoRCESH L 2 L) M Thi, LS »rOREE E ofhiczhn%
EOIBRTLEB CIZOWVWTEI I ENTEL, AL LHWAFIZIUDITZENIZ DT
LEHCHEL TR o5 TH S (Awodey, 2004, p. 62),

B DEICEL TRSCEBMITEEN T 7u—F 2 roTwa i, C b E bHIEE
THESNTWIDELS, bbbl GEFOLIIMEL T C2ZD%F EOFizEh
ZEPDRIEIC > TLE ), HEREERDZ%51F, Gk COEHTHY, CIk E DE
DEDENPS, £F G OWREZED, DOTEREZEB LI C DWREZED, DWW TZh%
EGRLOICE OMREZED TEIPRITKRSBWIES S, L LEBICEOFTORERE 2L %
R, ZO X5 iR RTo T oEmET50TIERL, $3—D20B2F 2, %
DONEITRR R EH 2 2 £V ) FlEE R, ZOK, ENEBRICNTB 2R O0EL, C
WEREBIZHEEZFONE D, Lo/ Z ERBEICR OBV, Tho ZREICE T & bERST
HETHZHEMIE, HBRICHNTVS G CREMIHRETIHES N TR Y, DF )R
BHOTHILORE, TUTAEFEZTVDE, ZOLIBHROFEZ S EFBONED DR
B REGIZRTESN S, BEESE 2 2 WY 2 BE&OBS» S5/ 2 &1E, 70O
EOFMABRICE R T ICHERZM 2 Lcnd, LER>TEDL I IKfkbh 2HiSICE
Et 2SRRI 2, Stz hiE, ZOEORE %5 &5 7%, L et TR S
NZHFERXDODICERTL2EHERZ, 7T 4 BIDM% b > CTHERmAMEERICE > TR
WERETHB LR TS,

5 A~ rOE e EDIRET

7T 4 ORRDOEZ FICH LT, B~V N HORMEIERL TWws (Hellman,
2006), NS BN LIz ETRR 2RI,
E—DRMBLUTOES TH 2, ~"~v ik 3L, TRACERCERINS b DIZ—ED
FREETH- T, Z22WCBVTE, FHXOBAEFOER & EBVBAN L TEFEET S
TRCTH b, TabbHAFEEREOZLHELEZ 5 b D L L COFENEIOBR % )
FEFLILhD (p158)ey T IT MM, LN TWEDIX, 77T 4 ODHRWSHT
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b5, FBE, 7T 4 BBFOEENHANTH 5 2 & 2RRBBEIC, TNBELEELT
B2 EWEHLTWS (Awodey, 2004, p. 58), 7272 LIXCFED TH L ROE ey B
STWREEO LIZR ST, THRERINZ T —~VEEH 2R AR 0 & 5 S b &M
XiZEEhd, COEWHIE, H2HONRT —NWHTH-> THRER SN TV S &) E&ihr
57z LCwhig, oMb, »20@EROEFRL T2 HTHANTDH
%, EFRIZOWTHHUEKRTHAWER 2RO I 3R FCHFETE 5, ~IV< Y DFEMIC
B9, fHigbedb~xy 7 v —r0 b RAMEC X 28F OB T 2HHIL, BEmcTs
IO R ZEE L Twiz (Hellman, 2003, Section 6), Z OHEIIESTH L IR 5F
XEFRELOO b, BmrEHTE 2R TOEBERET2bDLENZDT, "< ritE>
THEEFRZPHA & L TBERITY, THEEZ ZL1E, ZOERCET2EE2BRLZ DL
LTHETE 2, 2hcdLT7 v 7 4+ ORKXEF L, FEHPKANTH 2080212, %
NBANZDVTEES T DB RHTH Y, L7ed> THARZBERFEZE LD TIER v, &
NV VBHEZTWBEIICRZ S, R TR, LR L ZERGROBLA»S, MAMN
SHOHEEIMEZ2ERT 2 2 L 3L b s, HARADBAICOVTHESTWED
o, MEERT 200, £V ZLBRPTH L, ZORHESIE, kL 2O ZDORROH
W5 I EEBHLTWS, flZ ISEGEEGROBE» SAMHZEME2 RS 2 ik, (05 2 H
R R b DB, Fhw 2 FEUCAEEZE SR TOEROHT R TH B 2 & &2 RAA
TWwice 7974 BMUTD LS %, XML ERXOFHZET T2 (pp.57-58), HNITLE R
DB DI X IZDOWVT X2+ x+1=x B oE x5=x THB I L 2ITFHTE 3, 777 4 »EH
T201, ZhoORIEM L OBPEFEOROFHFETHIATE 2 2 ThH S, B2 IEE
AXIZOWTX2HX+1=X Bl X=X Thb I ERITE, X h—fkic, BIRFEAE
AT 2575, Th ool Eie T Lo 2B ThnE, AUELIHTE 2, #1320 &
IBRHBRICE ST, ThoDEFERICHAEEREL T2, #23% 2z 2L, k2 2HEHT
GO & 2 AAHZEE O & 5 WCREE OREEOME 2 H L T 57210 T <, BRR REE OS2 §
WL BEELRHEZDDTHS, &> THRDERHFRIIFCHRLZDDOTHY 5%, ;L5
WU THTNRES 2 2 &5 BEWRMCE SO CEYERZERL LS LT 51D, kKoo
NZBERMOBH S IIZ D &S BIROEHEEZTFANSNE D TH S,

ANV VDB, TUT A BRHOADELEE—ETE 5, LI TETHS (p
159) 7V 7 4 BHEEERE (BfR) OBA» oW, ZOBERTHIET 77 412 &> THEN
BREEDETTH S, L LFEBEOEEERTHY, TbbBEOAEERETE2DTH
2, ZIHANVTUIE TAEOTRE EWIOMERLELT YT 4 ORBO—EHERL, Lz

o ARSI R R Wl L, BATTRROBEMZ 5,
VBB AEOEECHN AN E TR TIKESE L I ETEESNDI LD,
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Do THIC L > THHI NI NEZEH 2 5, AR T, IHIFETSIERHTIERw, Fhieo
WTEES 1O DEREZHEICED, TNENREFEL LTI BEamzBEROSE Tl L X
ST 54561, "I UOERHEB Y REOMEEHTOBRTEZ 208 B H 27255, L
DLTUTARBZEDEIBIERZLTVED TR, AIDBHOBNIZR 25 DS noTnd
EZAMOHFET 2 OB HOBEENEE F R 2D 6, DB OAE e T8 » En
9 DX HHE 2 2EEROBEDIMINC D 5, 7 LU THEE, B2 1 XHEERIEE O A 257 3
2 L DFFIEIIEGBEBOERD SNFKGFET 206, ZTOWHIEARTHLI2d LA
Vo LDLZEDZEIET VT 4 OREEEL S DOTER W, BiasMEbis O »»Eo
N EFGTZ T 2 ENRENTRIENLSTH S,

6 FCHLRE

XY 7V =DM RAZLDEFEOEGEN T LT VT 4 OFEEERO DNV ICET 5~
~ Y DEfE, T LTCT VT 4 OMAWBFEOWE L L O~V = Y OBRICOWTHBIL, BT
DRRERZ 20 7V T 4 OBFMIRETFRIZED & 5 ZEHNEREFEO D, T OMIERTR,
TUT 4IRS THEAETEEE btk o T, TYTANERT A L3I0 ER > TR
D EFoNTOuRWEIICRZ 2, 77T 4 OBEFHIRESE FHRITBF O FRER D % TR 2 M
BL, HEOEHZHLELILBDTHE 0, TOEFEERET I LE, BEEOREM TR ER
O OMER RET 2 etk 2, Tabb, B¥2ETT25/EE L CHEOTEE
N2 THEEROEE TR BEROBERHEI 2L T, BADVIELWEFZ LI LRZDIEY
{EOBEEB ES RSN p 2 RS Z RN B,

(AR FE LI« B EEHIK)
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